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We sought to determine if laminin, a high molecular 
weight glycoprotein of basement membrane, is synthe-
sized by epidermal cells and whether it is distinct from 
bullous pemphigoid (BP) antigen, another high molecu-
lar weight-protein of basement membrane. By indirect 
immunofluorescence we detected laminin in cultures of 
Pam cells (a mouse keratinocyte cell line) and normal 
human epidermal cells. To directly demonstrate its bio-
synthesis, we labeled the cells with radioactive amino 
acids and then extracted the cell layers with nonionic 
detergent. Using immunoprecipitation followed by so-
dium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and fluorography to identify radiolabeled 
laminin, we could precipitate the 2 chains of laminin 
from cell culture medium and extracts of the cell layers. 
BP antigen, immunoprecipitated from the cells, did not 
comigrate with laminin on SDS-PAGE. In addition, BP 
antigen could be 1mmunoprecipitated from cell extracts 
depleted of .laminin, and conversely, laminin could be 
immunoprecipitated from cell extracts depleted of BP 
antigen. We conclude that laminin is synthesized by 
epidermal cells (specifically, keratinocytes) and is dis-
tinct from BP antigen. 
Components of the epidermal basement membrane are im-
portant in epidermal-dermal interactions, for example, in an-
choring the epidermis to the dermis [1,2], in maintaining a 
functional and proliferative epidermis [3,4], and in the r e-epi-
thelialization of wounds (5]. Ultrastructural studies have shown 
that epidermal cells rest directly on the lamina lucida [6] (the 
electron lucen t a rea of basement membrane between the basal 
cell plasma membrane and the electron dense basal lamina) , 
therefore, the basement membrane components localized in 
this region are likely to be important in these epidermal-dermal 
interactions . Immunoelectron microscopic studies have dem-
onstrated that bullous pemphigoid antigen and larninin are 
localized in the lamina Iucida of epidermal basement membrane 
[7-9]. Bullous pemphigoid (BP) antigen, defined by antibodies 
in th e sera of patients with the disease BP, is a normal com-
poi-lent of str atified squamous epithelial basement membrane 
(10]. It is a high molecular weight protein with disulfide-linked 
chains of approximate molecular weight 220K and is synthe-
sized by epidermal cells (11]. The biological function of BP 
antigen is not known, but since patients with bullous pemphi-
goid , who have antibodies directed against this protein, develop 
subepidermal blisters, the BP antigen may have a role in 
anchoring the basal· epidermal cells to the lamina Iucida . In 
addi tion, a nt ibodies to BP antigen may interfere with cell-
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substrate interactions in vitro [12]. Laminin is also a high 
molecular weigh t protein, with disulfide-linked ch ains of ap-
proximate molecular weight 200-220 K and 400- 440K (2,13]. 
The biological function of laminin in vivo is unclear, but in 
vitro it promotes attachment of epidermal cells to type IV 
collagen [14]. 
In this study we demonstrate directly t hat epidermal cells 
synthesize laminin. Thus, although both laminin and BP anti-
gen are synthesized by epidermal cells, are found in the lamina 
Iucida of epidermal basement membrane, and may be involved 
in epidermal substrate adhesion, we show here that they are 
immunologically and chemically distinct proteins. 
MATERIALS AND METHODS 
Epidermal Cell Culture 
Two types· of epidermal cells were cultured for these studies. Passage 
6 through 18 Pam cells, which are a spontaneously transformed mouse 
keratinocyte cell line, were cultured as previously reported [15]. Pri-
mary and first passage normal human epidermal cells derived from 
neonatal foreskin were obtained and cultured as previously described 
[16]. 
Antibodies and Antisera 
Laminin was purified from the EHS tumor [13] and used to immunize 
sheep [5). Specific antibodies were prepared by cross-immunoabsorp-
tion and affmi ty chromatography [5]. Laminin-absorbed sheep antise-
rum was prepared by running sheep antiserum to laminin over a 
laminin-Sepharose 4B column [prepared by coupling laminin, purified 
from the EHS tumor, to CNBr-activated Sepharose 4B (Pharmacia, 
Piscataway, N.J.)]. Bullous pemphigoid sera were obtained from pa-
tients. 
Indirect Immunofluorescence 
Cells were cultured on glass cover slips with 50 J.Lg/ml ascorbic acid 
added each day. After 7 days of culture, the cells were fixed with 
methanol and acetone, and indirect immunofluorescence was performed 
as previously described [15]. 
I mm.unoprecipitation 
We used procedures previously described in detail [11]. Briefly, 
cultures of Pam cells were radiolabeled with ""S-methionine for 18 hr. 
The medium was then drained and dialyzed against .01 M Tris-HCL, 
.15 M NaCl, pH 7.2 (TBS). The cell layer was extracted with 0.5% 
Nonidet P-40 and TBS. Human epidermal cells were labeled with a 
mixture of '''C-amino acids (New England Nuclear, Boston, MA) and 
extracted similarly. lmmunoprecipitation was performed, after a preab-
sorption with normal human serum or normal sheep lgG, using 10 J.Ll of 
immune serum or 10 J.Lg of affinity-purified sheep IgG and 100 J.LI of 10% 
(w/ v) formalin-fixed protein A-bearing staphylococci (Calbiochem-
Behring, La Jolla, CA). Immune complexes were eluted from the 
protein A-bearing staphylococci, and dissociated, in 100 J.Ll of 2% sodium 
dodecyl sulfate (SDS) at 100° for 2 min. 
SDS-Polyacrylamide Gel Electrophoresis (PAGE) 
Polyacrylamide slab gels of 5 or 6% were run and fluorography or 
staining performed as previously described [11]. 
RESULTS 
Two types of epidermal cell cultures were assessed for their 
ability to synthesize laminin: (1) Pam cells, which are a spon-
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FIG 1. Indirec t immunfluorescence of laminin in the tenth passage 
of cul tured P am cells (a keratinocyte cell line). There is a bright 
granular perinuclear fluorescence of the cells on the substrate. T he 
larger plate- like ce lls more superficial in the colonies do not fluoresce. 
When the ant iserum was absorbed with laminin pur ified from the E HS 
t umor, specific fluorescence was abolished. In addition, affinity purified 
antibodies to laminin resulted in the same pattern of flu orescence as 
seen with the whole antiserum. Control sera from nonimmunized ani-
mals showed no staining of the Pam cells. 
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FIG 2. Laminin is synthesized by Pam cells and is distinct from 
bullous pemphigoid (BP) antigen. Cultures of Pam cells were radiola-
beled with "''S- methionine. T he medium was drained and the cell layer 
was extracted with 0.5% N onidet P-40 in TBS. Both medium and cell 
layer extJ·act were dialyzed against TBS. lmmunoprecipi tation was 
performed using affini ty purified antibodies to laminin, normal sheep 
IgG (as a control), and BP serum. Immunoprecipitated radiolabeled 
proteins were reduced and identified on 5% SDS-PAGE using fluoro-
graphy. Laminin purified from the EHS tumor [13] was reduced and 
visualized on the same gels using Coomassie blue staining. Lane 1: 
immunoprecipitation of lam in in from the Pam cell medium. Two chains 
of laminin ru·e seen at the arrows. Antibodies to laminin specifica lly 
precipi tated about .02% of the protein-incorporated coun ts. Lane 2: 
s heep IgG control for the immunoprecipitation of the Pam cell medium. 
Lane 3: laminin pmified from the EHS tumor. Lane 4: molecular 
weigh t standards. The 2 chains of laminin immunoprecipitated from 
t h e Pam cell medium run s lightly faster than the respective cha ins of 
laminin purified from the EHS tumor. Lanes 5 and 6 show BP antigen 
(arrowhead) and laminin (arrows) immunoprecipitated from the ex-
tract of the Pam cell layer. The one chain of BP antigen is of slightly 
higher appru·ent molecular weight than the lower moleculru· weight 
c hain of laminin. 
taneously transformed mouse keratinocyte cell line [15], and 
(2) primary and first passage cultures of human epidermal cells 
derived from neonatal foreskin [16]. By indirect immunofluo-
rescence, both cul tures displayed laminin in a perinuclear gran-
ular pattern (Fig 1) , which probably represents intracellular 
staining but may also indicate antigen under the cells. This 
pattern is similar to t hat described for some cell types (human 
a mniotic epithelial cells, HT-1080 human tumor cell line) which 
display laminin in cul tme [17,18] but differs from the fibrillar 
mati·ix staining which has been described for some other cell 
types (human corneal endothelial cells, ARL-6 rat liver cells, 
NRK rat kidney cells, murine teratocarcinoma cells) [9,19- 21]. 
Indirect immunofluorescent staining of bullous pemphigoid an-
tigen in these epidermal cell cultmes results in a pattern of 
granular fluorescence similar to the findings shown here for 
laminin [ll]. 
To demonstrate directly that these epidermal cells synthesize 
la minin, we radiolabeled these cultmes with :J5S-methionine or 
14 C-amino acids and attempted to immunoprecipitate laminin 
from the labeled medium and cell layer. The precipitated 
proteins were identified by SDS-PAGE followed by fluorog:ra-
phy. Laminin was immunoprecipitated from the Pam cell cul-
tme medium and from nonionic detergent extracts of the cells 
(Fig 2, lanes I and 6). These results indicate that mouse 
keratinocytes synthesize laminin. As has been noted previously 
[17], when laminin is precipitated from cells, the higher molec-
ular weight polypeptide of approximately 400Kd is decreased 
in intensity compared to the lower molecular weight (approxi-
mately 200Kd) band, whereas these bands are of approximately 
equal intensity when precipitated from the medium. This find-
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FrG 3. Laminin is synthesized by human epidermal cells. Cul ture 
of human epidermal cells were radiolabeled with "C-amino acids. The 
cell layer was extracted, immunoprecipitation was performed, and 
proteins were identified as described in Fig 2. Lane I shows laminin 
immunoprecipi tated by sheep antiserum to laminin. The 2 bands at. the 
arrows were also immunoprecipitated by affinity purified antibodies to 
laminin, but the higher molecular weight band (arrowhead) was not. 
Antibodies to la minin specifically precipitated about .07% of the pro-
te in-incorporated counts. Lane 2 demonstrates that when sheep anti-
serllm to laminin was absorb~d with laminin purified from the EHS 
tumor, it no longer immunoprecipitated these bands. Lane 3 shows 
laminin purified from the EHS tumor. Lane 4 shows the moleculru· 
weight standards. 
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ing may be due to different susceptibility of the 2 chains to 
proteolytic enzymes present or activated in the cell layer [22] 
or may be due to unequal synthesis of the 2 chains by the cells 
but secretion only as the intact molecule. Laminin was also 
precipitated from nonionic detergent extracts of the cell layer 
of cultmed human epidermal cells and, analogous to the find-
ings with Pam cells, the higher molecular weigh t chain was less 
intense than the lower (Fig 3). Thus human epidermal cells also 
synth esize laminin. 
In order to demonstrate that laminin is distinct from BP 
antigen, we immunoprecipitated both proteins concomitantly 
from radiolabeled extracts of Pam cells and human epidermal 
cells and compared th eir mobility on SDS-PAGE. BP antigen 
does not comigrate with t he lower molecular weight chain of 
laminin but r uns as a slightly higher molecular weight protein 
(Fig 2, lanes 5 and 6; Fig 4, lanes 1 and 4). Furthermore, when 
human epidermal cell extracts were depleted of laminin by 
immunoprecipitation, BP antigen could still be immunoprecip-
itated, and, conversely, cell extracts depleted of BP antigen still 
contained laminin (Fig 4) . Taken together these data indicate 
that laminin a nd BP antigen are distinct proteins and not 
simply one protein with different antigenic determinants which 
bind either BP a ntibodies or antibodies to laminin. 
DISCUSSION 
In this study, we have directly demonstrated that epidermal 
cells (keratinocytes, in particular) synthesize laminin. We had 
previously shown ·that epidermal cells synthesize the bullous 
pemphigoid antigen [11]. Therefore, epidermal cells synthesize 
the 2 known protein components of the lamina Iucida of epi-
dermal basement membrane. In addition, although both lami-
nin and bullo.us pemphigoid antigen are synthesized by epider-
mal cells, are found in the lamina Iucida of basement membrane, 
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FrG 4. Laminin synthesized by human epidermal cells is distinct 
from bullous pemphigoid (BP) antigen. Sequential immunoprecipita-
tion of antigens was performed on radiolabeled extracts of human 
epidermal cells. First, laminin was immunoprecipitated, then the re-
sulting supernatant was used to try to immunoprecipitate BP antigen 
(lane 1) or laminin (lane 2). Conversely, first BP antigen was precipi-
tated, then the supernatant was used to try to immunoprecipitate 
laminin (lane 4) or BP antigen (lane 3). BP antigen (arrowhead, lane 
J) can be precipitated from cell extracts depleted of laminin (lane 2), 
and, conversely, laminin (arrows, lane 4) can be precipitated from cell 
extracts depleted of BP antigen. 
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and have chains of similar molecular weight, they are antigen-
ically and biochemically distinct. In a previous study [11] we 
had shown that bullous pemphigoid antigen is also distinct 
from fibronectin, another basement membrane-associated pro-
tein .with chains of molecular weight approximately 220K. The 
present study provides further evidence that bullous pemphi-
goid antigen is a unique protein of basement membrane. 
It is of particular inte1·est that Pam cells synthesize laminin 
because biological experiments have demonstrated that these 
cells require laminin to attach to type IV collagen [14]. From 
those experiments it was suggested, though not directly dem-
onstrated, that epidermal cells synthesize laminin in vitro to 
enhance their own attachment. The biological function of bul-
lous pemphigoid antigen is less clear, but studies investigating 
epidermal cell interaction with various dermal substrates indi-
cate that bullous pemphigoid antigen may be important in 
these interactions [5,12,23,24]. In particular, at t he epidermal-
dermal junction of re-epithelializing wounds, bullous pemphi-
goid a ntigen can be detected by immunofluorescence as soon as 
epidermal cells contact the wound substrate, whereas laminin 
and type IV collagen cannot be detected early in this interaction 
[5,23]. These studies suggest that these distinct basem ent m em-
brane proteins are not simply structural proteins which interact 
to form a complete basement membrane but that they each 
may have unique biological functions as well. 
REFERENCES 
1. Hogan B: Laminin and epithelial cell attachment. Nature 290:737-
738, 1981. 
2. Kleinman HK, Klebe RJ, Martin GR: Role of collagenous matrices 
in the adhesion and growth of cells. J Cell Bioi 88:473-485, 1981 
3. McLoughlin CB: The importance of mesenchymal factors in the 
differentiation of chick epidermis. J Embryo! Exp Morph 9:370-
409, 1961 
4. Briggaman RA, Wheeler CE: Epidermal-dermal interactions in 
adult human skin; Role of dermis in epidermal maintenance. J 
Invest Dermatol 51:454-465, 1968 
5. Stanley JR, Alvarez OM, Bere EW, Eaglstein WH, Katz SI: Detec-
tion of basement membrane zone antigens during epidermal 
wound healing in pigs. J Invest Dermatol 77:240-243, 1981 
6. Briggaman RA, Wheeler CE: The epidermal-dermal junction. J 
Invest Dermatol 65:71-84, 1975 
7. Schaumburg-Lever G, Rule A, Schmidt-Ulrich B, Lever WF: Ultra-
structural localization of in vivo bound immunoglobulins in bul-
lous pemphigoid a preliminary report. J Invest Dermatol 64:47-
49, 1975 
8. Holubar K, Wolff K, Konrad K, Beutner EH: Ultrastructural 
localization of immunoglobulins in bullous pemphigoid skin. J 
Invest Dermatol 64:220-227, 1975 
9. Foidart JM, Bere EW, Yaar M, Rennard SI, Gullino M, Martin 
GR, Katz SI: Distribution and immunoelectron microscopic lo-
calization of laminin, a noncollagenous basement membrane gly-
coprotein. Lab Invest 42:336-342, 1980 
10. Beutner EH, J ordan RE, Chorzelski TP: The immunopathology of 
pemphigus and bullous pemphigoid. J Invest Dermatol 51:63-80, 
1968 
11. Stanley JR, Hawley-Nelson P, Yupsa SH, Shevach EM, Katz SI: 
Characterization of bullous pemphigoid antigen-a unique base-
ment membrane protein of stratified squamous epithelia. Cell 
24 :897-904, 1981 
12. Diaz LA, Marcelo CL: Pemphigoid and pemphigus antigens in 
cultured epidermal cells. Br J Dermatol 98:631-637, 1978 
13. Timpl R, Rohde H, Robey PG, Rennard SE, Foidrut JM, Martin 
GR: Laminin-a noncollagenous glycoprotein from basement 
membranes. J Bioi Chern 254:9933-9937, 1979 
14 . Terranova VP, Rohrbach DH, Martin GR: Role of laminin in the 
attachment of PAM 212 (Epithelial) cells to basement membrane 
collagen. Cell 22:719-726, 1980 
15. Yuspa SH, Hawley-Nelson P, Koehler B, Stanley JR: A survey of 
transformation markers in differentiating epidermal cell lines in 
cul ture. Cancer Res 40:4694-4703, 1980 
16. Hawley-Nelson P, Sullivan JE, Kung M, Hennings H, Yuspa SH: 
Optimized conditions for the growth of human epidermal cells in 
culture. J Invest Dermatol 75:176-182, 1980 
17. Ali talo K, Kurkinen M, Vaheri A, Krieg T, Timpl R: Extracellular 
matrix components synthesized by human amniotic epithelial 
cells in culture. Cell 19:1053-1062, 1980 
18. Ali talo K, Vaheri A, Krieg T, Tim pi R: Biosynthesis of two subuni ts 
of type IV procollagen and of other basement membrane proteins 
by a human tumor cell line. Eur J Biochem 109:247-255, 1980 
19. Foidart JM, Berman JJ, Paglia L, Rennard S, Abe S, Perantoni A, 
June 1982 LAMININ AND BULLOUS PEMPHIGOID ANTIGEN SYNTHESIS BY EPIDERMAL CELLS 459 
Martin GR: Synthesis of fibronectin, laminin, a nd several colla-
gens by a liver-derived epithelial line. Lab Invest 42:525-532, 
1980 
20. H ayma n EG, Engvall E, Ruoslahti E : Concomitant loss of cell 
surface fibronectin and laminin from transformed rat kidney 
cells. J Cell Bioi 88:352-357, 1981 
21. Knowles BB, PanS, Solter D, Linnenbach A, Croce C, Huebner K: 
Expression of H-2, la minin and SV40T and TASA on diffe rent ia-
tion of transformed murine teratocarcinoma cells. Nature 88:615-
618, 1980 
22. Liotta LA, Goldfarb R, Terranova VP: Cleavage of laminin by 
thrombin and plasmin: a lpha thrombin selectively cleaves the 
beta chain of laminin. Thrombosis Res 21:663-673, 1981 
23. Hintner H , Fritsch PO, Foidart JM, Sting! G, Schuler G, Katz SI: 
Expression of basement membra ne zone antigens at the dermo-
epibolic junction in organ cultures of human skin . J Invest 
D ermatol 74:200-204, 1980 
24 . Woodley D , Vidiergean L, Regnier M, Saurat J, Prunieras M: 
Bullous pemphigoid antigen synthesized in vitro by human epi-
dermal cells. J Invest Dermatol 75:148-151, 1980 
Announcement 
At the 12th Annual Scientific Meeting of the E.S.D.R. held at the RAI Congrescentrum, Amsterdam, 
April4-7, 1982, the following Poster Awards were made: 
1. Friends of Bill Reed Committee ($800.00) to: "Production of T ype Ill Collagen: Cell Free Synthesis 
and Regulation of pN-Propeptides": L. Phan-Thanh, T. Krieg, R. Timpl, P. Muller. MPI fiir Biochemie, 
Martinsried and Dermatologische Klinik der LMU, Miinchen, West Germany. 
2. Italian Foundation for Research in Dermatology ($500) to: ",8-Aclrenergic and H istamine Receptors 
in Cultmed Skin Fibroblasts and Keratinocytes": J . Gazith , M.T. Cavey, P.P. Elena, B. Sclu-oot, U. 
R eichert. Centre International de R echerches Dermatologiques, Sophia Antipolis, Valbonne, France. 
